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(57) ABSTRACT 
In a part-time four-wheel drive vehicle, and electric 
control apparatus for a transfer device in drive connec 
tion to a front or rear differential is arranged to permit 
selection of the four-wheel drive mode at the transfer 
device during travel of the vehicle in the two-wheel 
drive mode only in a condition where travel speed of 
the vehicle and temperature of lubricating oil in the 
differential are in a predetermined allowable region. 
The allowable region is defined to permit engagement 
of a clutch mechanism in the transfer drive mode with 
out causing any heavy load acting thereon. 

6 Claims, 16 Drawing Sheets 
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Fig. 2 
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Fig. 4 (A) 
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Fig. 4 (B) 
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1. 

ELECTRC CONTROL APPARATUS FOR 
TRANSFER DEVICE IN PART-TME 
FOUR-WHEEL DRIVE VEHICLE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an electric control 

apparatus for a transfer device in part-time four-wheel 
drive vehicles, the transfer device being arranged to be O 
switched over by operation of a manual operation 
switch to selectively provide a two-wheel drive mode 
or a four-wheel drive mode of operation for the vehicle. 

2. Discussion of the Prior Art 
In Japanese Utility Model Early Publication No. 1s 

63-69034, there has been proposed a part-time four 
wheel drive system which includes a transfer device 
drivingly connected to a prime mover of the vehicle to 
continuously transfer the power from the prime mover 
to a set of rear road wheels and to selectively transfer 20 
the power to a set of front road wheels under control of 
a clutch mechanism provided therein, and a front differ 
ential in drive connection to split axle parts of the front 
road wheels at its output side and being drivingly con 
nected to the transfer device at its input side to selec- 25 
tively transmit the power from the transfer device to 
the front road wheels under control of a clutch mecha 
nism provided therein. In the part-time four-wheel 
drive system, each actuator of the clutch mechanisms in 
the transfer device and differential is activated under 30 
control of a manual operation switch. When the opera 
tion switch is manipulated by the driver to select a 
four-wheel drive mode, both the clutch mechanisms are 
engaged by activation of their associated actuators to 
transmit the power to the front road wheels through the 35 
transfer device and differential. When the operation 
switch is manipulated by the driver to select a two 
wheel drive mode, both the clutch mechanisms are 
disengaged by activation of their associated actuators to 
disconnect the differential from the transfer device and 40 
from the split axle parts of the front road wheels. This is 
effective to eliminate back drive of the differential and 
propeller shaft for the non-driven front road wheels. 

In the transfer device, a synchronizer is assembled 
with the clutch mechanism to establish synchronization 45 
between drive and driven members in the transfer de 
vice when the clutch mechanism is brought into en 
gagement to select the four-wheel drive mode. The 
component parts of the synchronizer are applied with a 
heavy load from the driven member if the clutch mech-50 
anism is engaged in a condition where the viscous resis 
tance of lubricating oil in the differential is increased 
due to drop of the ambient temperature to cause an 
increase of drag resistance of the driven member or in a 
condition where a difference in rotational speed be- 55 
tween the drive and driven members is large during 
high speed travel of the vehicle. This results in deface 
ment of the component parts of the synchronizer in a 
short period of time. 

SUMMARY OF THE INVENTION 
It is, therefore, a primary object of the present inven 

tion to provide an electric control apparatus for the 
transfer device in which travel speed of the vehicle and 
temperature of lubricating oil in the differential are 65 
detected to permit selection of the four-wheel drive 
mode at the transfer device during travel of the vehicle 
in the two-wheel drive mode only in a condition where 

60 

2 
any heavy load does not act on the clutch mechanism in 
the transfer device. 
Another object of the present invention is to provide 

an electric control apparatus for the transfer device, 
having the above-described characteristics, in which 
indication means is provided to inform the driver of the 
fact that the selection of the four-wheel drive mode is 
prohibited during travel of the vehicle in the two-wheel 
drive mode. According to the present invention, there is 
provided an electric control apparatus for a part-time 
four-wheel drive vehicle having a transfer device driv 
ingly connected to a prime mover of the vehicle to 
continuously transfer the power from the prime mover 
to a first set of road wheels, the transfer device includ 
ing a first clutch mechanism arranged to transfer the 
power to a second set of road wheels when it has been 
engaged, a differential drivingly connected at its output 
side to the second set of road wheels and at its inputside 
to the transfer device, the differential including a sec 
ond clutch mechanism arranged to transmit the power 
from the transfer device to the second set of road 
wheels when it has been engaged, a first actuator assem 
bled with the transfer device to engage the first clutch 
mechanism when it has been operated in one direction 
and to disengage the first clutch mechanism when it has 
been operated in the opposite direction, and a second 
actuator assembled with the differential to engage the 
second clutch mechanism when it has been operated in 
one direction and to disengage the second clutch mech 
anism when it has been operated in the opposite direc 
tion. 
The electric control apparatus comprises a manual 

operation switch for selecting a two-wheel drive mode 
or a four-wheel drive mode at the transfer device, a 
speed sensor for detecting travel speed of the vehicle to 
produce a speed signal indicative the travel speed of the 
vehicle, a temperature sensor for detecting temperature 
of lubricating oil in the differential to produce a temper 
ature signal indicative of the oil temperature, and con 
trol means in the form of a microcomputer responsive 
to the speed and temperature signals for operating the 
first and second actuators respectively in the one direc 
tion when the manual operation switch has been manip 
ulated to select the four-wheel drive mode at the trans 
fer device only in a condition where the travel speed 
and oil temperature are in a predetermined allowable 
region during travel of the vehicle in the two-wheel 
drive mode and for rendering the first and second actua 
tors inoperative when the manual operation switch has 
been manipulated to select the four-wheel drive mode in 
a condition where the travel speed and oil temperature 
are out of the predetermined allowable region. 

In a practical embodiment of the present invention, 
the predetermined allowable region is defined to permit 
engagement of the first clutch mechanism during travel 
of the vehicle in the two-wheel drive mode without 
causing any heavy load acting thereon. It is preferable 
that the electric control apparatus further comprises 
indication means for visually informing the driver of the 
fact that the first and second actuators have been ren 
dered inoperative under control of the control means. 
In the case that the transfer device includes a change 
speed mechanism, for instance in the form of a planetary 
gear unit, arranged to selectively provide low and high 
speed power trains for transfer of the power to the first 
and second sets of road wheels and a detection switch 
associated with the change-speed mechanism to pro 



3 
duce a low speed signal therefrom when the change 
speed mechanism is conditioned to provide the low 
speed power train and to produce a high speed signal 
therefrom when the change-speed mechanism is condi 
tioned to provide the high speed power train, the con 
trol means of the electric control apparatus is further 
responsive to the high speed signal from the detection 
switch to operate the first and second actuators respec 
tively in the one direction when the manual operation 
switch has been manipulated to select the four-wheel 
drive mode at the transfer device in a condition where 
the travel speed and oil temperature are in the predeter 
mined allowable region during travel of the vehicle in 
the high speed two-wheel drive mode. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects, features and advantages of the 
present invention will be readily appreciated from the 
following detailed description of preferred embodi 
ments thereof when considered with reference to the 
accompanying drawings, in which: 
FIG. 1 is a schematic illustration of a part-time four 

wheel drive vehicle equipped with a transfer device to 
be controlled by an electric control apparatus in accor 
dance with the present invention; 
FIG. 2 is a schematic illustration of component parts 
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25 

of the transfer device and a front differential drivingly 
connected thereto; 

FIG. 3 is a block diagram of the electric control 
apparatus; 
FIGS. 4(A) and 4(B) illustrate a flow chart of a pro 

gram for a microcomputer in the electric control ap 
parauts; 
FIG. 5 is a graph showing a relationship between 

temperature of lubricating oil in the front differential 
and travel speed of the vehicle; 

FIG. 6 is a block diagram of a modification of the 
electric control apparatus shown in FIG. 3; 
FIG. 7 is a flow chart illustrating a program for a 

microcomputer in the electric control circuit shown in 
FIG. 6; 
FIG. 8 is a full sectional view of a practical embodi 

ment of the transfer device schematically shown in 
FIG. 2; 
FIG. 9 is an enlarged elevation of an electric motor 

and a fork shaft shown in FIG. 8; 
FIG. 10 is a cross-sectional view taken along line 

X-X in FIG. 9; 
FIG. 11 is a cross-sectional view taken along line 

XI-XI in FIG. 10; 
FIG. 12 is a cross-sectional view taken along line 

XII-XII in FIG. 9; 
FIG. 13 is a full sectional view of a practical embodi 

ment of the front differential schematically shown in 
FIG. 2; 
FIG. 14 is a block diagram of an electric control 

apparatus modified for the transfer device and front 
differential shown in FIGS. 8 and 13; and 
FIG. 15(A) and 15(B) illustrate a flow chart repre 

senting a program executed by the microcomputer 
shown in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, in particular to FIG. 
1, there is illustrated a part-time four-wheel drive vehi 
cle which comprises an internal combustion engine 11 
mounted on the front portion of a vehicle body struc 

35 
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ture, a power transmission 12 attached to the rear end of 
engine 11 through a conventional clutch mechanism, 
and a transfer device 20 united with the power transmis 
sion 12. The transfer device 20 is arranged to continu 
ously transfer the power from transmission 12 to a set of 
rear road wheels and to selectively transfer the power 
to a set of front road wheels under control of a clutch 
mechanism 20a shown in FIG. 2. 
As shown in FIGS. 1 and 2, the transfer device 20 

includes an input shaft 21 drivingly connected to an 
output shaft of transmission 12, a first output shaft 22 
coaxially connected to the input shaft 21 for drive con 
nection to a rear propeller shaft 13, and a second output 
shaft 23 arranged in parallel with the first output shaft 
22 for drive connection to a front propeller shaft 14. 
The first output shaft 22 is provided thereon with a 
drive sprocket 24 which is integrally provided with an 
externally splined clutch hub 28 and is arranged for 
relative rotation to the input shaft 22. An externally 
splined clutch hub 27 is mounted on the first output 
shaft 22 for rotation therewith, and an internally splined 
clutch sleeve 32 is axially slidably mounted on the 
clutch hub 27. The clutch sleeve 32 is shiftable between 
a first position where it is disengaged from the clutch 
hub 28 and a second position where it is engaged with 
the clutch hub 28. The clutch sleeve 32 is arranged to be 
shifted by a vacuum actuator 34 of the diaphragm type 
through a fork shaft 33a and a shift fork 33b. A driven 
sprocket 25 is mounted on the second output shaft 23 
for rotation therewith and is drivingly connected to the 
drive sprocket 24 by means of a drive chain 26. 
The clutch mechanism 20a of transfer device 20 in 

cludes a synchronizer ring 31 rotatably coupled with a 
conical portion of clutch hub 28 to establish synchroni 
zation between the clutch hubs 27, 28 in shifting opera 
tion of the clutch sleeve 32 toward the second position. 
The vacuum actuator 34 is assembled with the transfer 
device 20 in an appropriate manner, which includes a 
diaphragm piston 34a assembled within an actuator 
housing to subdivide the interior of the housing into 
first and second pneumatic chambers 34b and 34c. The 
fork shaft 33a is connected at its outer end to the dia 
phragm piston 34a, and the pneumatic chambers 34b, 
34c are connected to a vacuum tank 15 respectively 
through electrically operated switchover valves 35, 36. 
As shown in FIG. 3, the switchover valve 35 is pro 
vided with a solenoid 35a, while the switchover valve 
36 is provided with a solenoid 36.a. During deenergiza 
tion of the solenoids 35a, 36a, the switchover valves 35, 
36 each are maintained in a first position to communi 
cate the pneumatic chambers 34b, 34c with the atmo 
spheric air. When the solenoid 35a or 36a is selectively 
energized, the switchover valve 35 or 36 is switched 
over from the first position to a second position to com 
municate the pneumatic chamber 34b or 34c to the vac 
uum tank 15. The vacuum tank is connected to an intak 
manifold of engine 11. 
The front propeller shaft 14 is drivingly connected at 

its front end to a front differential 40 and at its rear end 
to the second output shaft 23 of transfer device 20. The 
front differential 40 is arranged to selectively transmit 
the power from propeller shaft 14 to split axle shafts 
17a, 17b of the front road wheels under control of a 
clutch mechanism 4.0a. The front differential 40 in 
cludes a differential case 42 rotatably mounted within a 
differential carrier 41. The differential case 42 is pro 
vided therein with a pair of pinion gears 43a, 43b and a 
pair of side gears 44a, 44b in mesh with pinion gears 43a, 
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43b. The differential case 42 is provided thereon with a 
ring gear 45 in mesh with a drive pinion 46 connected to 
the front propeller shaft 14 for rotation therewith. Dis 
posed between the split axle shafts 17a, 17b are tubular 
drive shafts 47, 48 which are divided into inner shafts 
47a, 48a and outer shafts 47b, 48b, respectively. The 
inner shafts 47a, 48a are drivingly connected at their 
inner ends to the side gears 44a, 44b, while the outer 
shafts 47b, 48b are drivingly connected at their outer 
ends to the split axle shafts 17a, 17b, respectively. 
The clutch mechanism 4.0a of front differential 40 

includes an internally splined clutch sleeve 51 axially 
slidably mounted on the inner shaft 47a and an opera 
tion rod 52 connecting the clutch sleeve 51 to the inner 
shaft 48a. When shifted from a first position to a second 
position, the clutch sleeve 51 is engaged with the outer 
shaft 47b to establish drive connection between the 
inner and outer shafts 47a, 47b. Simultaneously, the 
operation rod 52 is shifted to establish drive connection 
between the inner and outer shafts 48a, 48b. The clutch 
sleeve 51 is arranged to be shifted by a vacuum actuator 
54 of the diaphragm type through a fork shaft 53a and 
a shift fork 53b. ... 
The vacuum actuator 54 is assembled with the front 

differential 40 in an appropriate manner, which includes 
a diaphragm piston 54a assembled within an actuator 
housing to subdivide the interior of the housing into 
first and second pneumatic chambers 54b and 54c. The 
fork shaft 53a is connected at its outer end to the dia 
phragm piston 54a, and the pneumatic chambers 54b, 
54c are connected to the vacuum tank 15 respectively 
through electrically operated switchover valves 55, 56. 
As shown in FIG. 3, the switchover valve 55 is pro 
vided with a solenoid 55a, while the switchover valve 
56 is provided with a solenoid 56a. During deemergiza 
tion of the solenoids 55a, 56a, the switchover valves 55, 
56 each are maintained in a first position to communi 
cate the pneumatic chambers 54b, 54c with the atmo 
spheric air. When the solenoid 55a or 56a is selectively 
energized, the switchover valve 55 or 56 is switched 
over from the first position to a second position to com 
municate the pneumatic chamber 54b or 54c to the vac 
uum tank 15. 
As shown in FIGS. 1 and 3, an electric control appa 

ratus 60 for the transfer device 20 and front differential 
40 includes a manual operation switch 61, a detection 
switch 62, a speed sensor 63 and a thermo-sensor 64. 
The manual operation switch 61 is in the form of a 
normally open switch of the momentary contact type 
which is provided on an instrument panel (not shown) 
of the vehicle to be closed by manipulation of the 
driver. The detection switch 62 is in the form of a nor 
mally open switch mounted on the housing of transfer 
device 20 and arranged to face the clutch sleeve 20a as 
shown in FIG. 2. Thus, the detection switch 62 is main 
tained in its open position when the clutch sleeve 32 is 
in the first position and is closed by engagement with a 
projection of clutch sleeve 32 when it is shifted to and 

6 
The electric control apparatus 60 includes a mi 

crocomputer 65 which is connected to the switches 61, 
62 and sensors 63, 64. The computer 65 comprises a 
rear-only memory or ROM 65b, a central processing 
unit or CPU 65c, a random access memory or RAM 65d 
and an input-output device or I/O 65e which are con 
nected to one another by means of a common bus line 
65a. The ROM 65b is arranged to memorize a program 
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maintained in the second position as shown by imagi 
nary lines in FIG. 2. The speed sensor 63 is mounted on 
the housing of transfer device 20 to detect the rotational 
speed of first output shaft 22 thereby to produce an 
electric speed signal V indicative of travel speed of the 
vehicle. The thermo-sensor 64 is mounted on the hous 
ing of front differential 40 to detect a temperature of 65 
lubricating oil in the differential carrier 41 thereby to 
produce an electric oil temperature signal T indicative 
of the temperature of lubricating oil. 

represented by a flow chart shown in FIG. 4 and to 
memorize control data in the form of a table defining 
allowable and prohitive regions A and B based on a 
relationship between travel speed of the vehicle and 
temperature of the lubricating oil shown in FIG. 5. In 
the allowable region A, the clutch mechanism 20a can 
be engaged without causing any heavy load acting on 
the synchronizer 31. In the prohibitive region B, the 
sychronizer 31 is applied with a heavy load in engage 
ment of the clutch mechanism 20a. The CPU 65c is 
arranged to initiate execution of the program when an 
ignition switch (not shown) is closed and to repeat exe 
cution of the program. The RAM 65d is arranged to 
temporarily memorize necessary data for execution of 
the program. The I/O 65e is connected to the switches 
61, 62 and sensors 63, 64 and connected to relay control 
circuits 66, 67, a lamp control circuit 68 and a buzzer 
control circuit 71. 
The relay control circuits 66, 67 are connected to 

relay circuits 72, 73 to selectively energize relay coils 
72a and 73a under control of the computer 65. The 
relay circuit 72 includes a relay switch 72b the movable 
contact of which is maintained in engagement with a 
fixed contact C1 during deenergization of the relay coil 
72a to be engaged with a fixed contact C2 in response to 
energization of the relay coil 72a. Similary, the relay 
circuit 73 includes a relay switch 73b the movable 
contact of which is maintained in engagement with a 
fixed contact C1 during deenergization of the relay coil 
73a to be engaged with a fixed contact C2 in response to 
energization of the relay coil 73a. With such arrange 
ments, the solenoids 35a, 36a of switchover valves 35, 
36 are selectively energized under control of the relay 
switch 72b, while the solenoids 55a, 56a of switchover 
valves 55, 56 are selectively energized under control of 
the relay switch 73b. The lamp control circuit 68 is 
arranged to light an indication lamp 74 on the instru 
ment panel under control of the computer 65. The 
buzzer control circuit 71 is arranged to energize a 
buzzer in the vehicle compartment under control of the 
computer 65. 

Hereinafter, the operation of the computer 65 will be 
described in detail with reference to the flow chart 
shown in FIGS. 40A) and 4(B). Assuming that the igni 
tion switch is maintained in its open position, the 
switchover valves 35, 36 and 55, 56 are maintained in 
their first positions to communicate the pneumatic 
chambers 34b, 34c and 54b, 54c of vacuum actuators 34 
and 54 with the atmospheric air. Accordingly, the 
clutch mechanisms 20a and 4.0a in the transfer device 20 
and front differential 40 are each maintained in a posi 
tion defined by the prior mode of operation. When the 
ignition switch is closed to start the engine 11, the elec 
tric control apparatus 60 is activated by supply of the 
electric power from an electric power source (not 
shown) in the form of a vehicle battery, and in turn, the 
CPU 65c of computer 65 starts to execute the program 
at step 100 in the flow chart of FIG. 4. When the pro 
gram proceeds to step 101, the CPU 65c determines as 
to whether the detection switch 62 is turned on or not. 
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If the four-wheel drive mode is previously selected at 
the transfer device 20, the detection switch 62 is turned 
on. Thus, the CPU 65c determines a "Yes' answer at 
step 101 and causes the program to proceed to step 102. 
At step 102, the CPU 65c produces control signals for 
energization of the relay coils 72a, 73a and causes the 
program to proceed to step 103 where the CPU 65c 
produces control signals for energization of the indica 
tion lamp 74 and for maintaining the buzzer 75 in its 
deenergized condition. As a result, the relay control 
circuits 66 and 67 act to energize the relay coils 72a, 73a 
in response to the control siganls from the CPU 65c so 
that the movable contacts of relay switches 72b, 73b are 
connected to the fixed contacts C2 to energize the sole 
noids 35a, 55a of switchover valves 35,55. On the other 
hand, the solenoids 36a, 56a of switchover valves 36,56 
are maintained in their deenergized condition. In such a 
condition, the switchover valves 35 and 55 are switched 

8 
the first position thereby to disconnect the second out 
put shaft 23 from the first output shaft 22. Simulta 

O 

15 

over from their first positions to their second positions 
to communicate the pneumatic chambers 34b, 54b of 20 
actuators 34, 54 with the vacuum tank 15, while the 
switchover valves 36, 56 are maintained in their first 
positions to communicate the pneumatic chambers 34c, 
54c with the atmospheric air. Thus, the diaphragm pis 
ton 34a of actuator 34 is moved by the difference in 
pressure between the pneumatic chambers 34b and 34c 
to shift the clutch sleeve 32 from the first position to the 
second position thereby to establish drive connection 
between the first and second output shafts 22 and 23. 
Simultaneously, the diaphragm piston 54a of actuator 
54 is moved by the difference in pressure between the 
pneumatic chambers 54b and 54c to shift the clutch 
sleeve 51 from the first position to the second position 
thereby to establish drive connection between the inner 
shafts 47a, 48a and the outer shafts 47b, 48b. Under such 
control as described above, the transfer device 20 is 
maintained in the four-wheel drive mode, the indication 
lamp 74 is lighted to inform the driver of the four-wheel 
drive mode, and the buzzer 75 is maintained in its deen 
ergized condition. 

If the two-wheel drive mode is previously selected at 
the transfer device 20, the detection switch 62 is turned 
off. Thus, the CPU 65c determines a 'No' answer at 
step 101 and causes the program to proceed to step 104. 
At step 104, the CPU 65c produces control signals for 
maintaining the relay coils 72a, 73a in their deenergized 
conditions and causes the program to proceed to step 
105 where the CPU 65c produces control signals for 
maintaining the indication lamp 74 and buzzer 75 in 
their deenergized conditions. As a result, the relay con 
trol circuits 66 and 67 act to maintain the relay coils 72a, 
73a in their deenergized conditions in response to the 
control signals from the CPU 65c so that the movable 
contacts of relay switches 72b, 73b are maintained in 
connection to the fixed contacts C to energize the 
solenoids 36a, 56a of switchover valves 36, 56. On the 
other hand, the solenoids 35a, 55a of switchover valves 
35, 55 are maintained in their deenergized conditions. In 
such a condition, the switchover valves 36, 56 are 
switched over from their first positions to their second 
positions to communicate the pneumatic chambers 34c, 
54c of actuators 34, 54 with the vacuum tank 15, while 
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neously, the diaphragm piston 54a of actuator 54 is 
moved by the difference in pressure between the pneu 
matic chambers S4b, 54c to shift the clutch sleeve 51 
from the second position to the first position thereby to 
disconnect the outer shafts 47b, 48b from the inner 
shafts 47a, 48.a. Under such control as described above, 
the transfer device 20 is maintained in the two-wheel 
drive mode, the indication lamp 74 is put out, and the 
buzzer 75 is maintained in its deemergized condition. 

After execution of the initial setting routine at steps 
101-ios, the program proceeds to step 106 where the 
CPU 65c determines as to whether the manual opera 
tion switch 61 has been operated or not. If the answer is 
“No” at step 106, the CUP 65c will repeat the execution 
at step 106. When the manual operation switch 61 is 
operated, the CPU 65c determines a "Yes' answer at 
step 106 and causes the program to proceed to step 107 
where the CPU 65c determines as to whether the detec 
tion switch 62 is turned on or not. When the four-wheel 
drive mode is previously selected at the transfer device 
20, the CPU 65c determines a "Yes' answer at step 1.07 
and causes the program to proceed to step 108. At step 
108, the CPU 65c produces control signals for maintain 
ing the relay coils 72a, 73a in their deenergized condi 
tions. At the following step 109, the CPU 65c produces 
control signals for maintaining the indication lamp 74 in 
its deenergized condition. As a result, the relay coils 
72a, 73a are maintained in their deenergized conditions 
under control of the relay control circuits 66, 67 to 
energize the solenoids 36a, 56a of switchover valves 36, 
56. Thus, the vacuum actuators 34, 35 are operated to 
disengage the clutch mechanisms 20a and 40a thereby 
to establish the two-wheel drive mode. In such a condi 
tion, the indication lamp 74 is put out under control of 
the lamp control circuit 68. 
Assuming that the two-wheel drive mode is previ 

ously selected at the transfer device when the operation 
switch 61 has been operated, the CPU 65c determines a 
"No' answer at step 107 and causes the program to 
proceed to step 110 where the CPU 65c reads out a 
speed signal V from sensor 63. At the following step 
111, the CPU 65c reads out an oil temperature signal T 
from sensor 64 and causes the program to proceed to 
step 112 where the CPU 65c reads out the control data 
defined by the graph of FIG. 5 from the ROM 65b. 
When the program proceeds to step 113, the CPU 65c 
determines as to whether or not travel speed of the 
vehicle and temperature of the lubricating oil are in the 
allowable region. A shown in FIG. 5. If the answer is 
"Yes" at step 113, the CPU 65c produces the control 
signals for energization of the relay coils 72a, 73a at step 
114 and produces the control signal for energization of 
the indication lamp 74. As a result, the relay coils 72a, 
73a are energized under control of the relay control 

- circuits 66, 67 to energize the solenoids 35a, 55a of 
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the switchover valves 35, 55 are maintained in their first 
positions to communicate the pneumatic chambers 34b, 
54b with the atmospheric air. Thus, the diaphragm pis 
ton 34a of actuator 34 is moved by the difference in 
pressure between the pneumatic chambers 34b and 34c 
to shift the clutch sleeve 32 from the second position to 

65 

switchover valves 35, 55. Thus, the vacuum actuators 
34, 35 are operated to engage the clutch mechanisms 
20a and 40a thereby to establish the four-wheel drive 
mode. In such a condition, the indication lamp 74 is 
lighted under control of the lamp control circuit 68. 

If the answer is "No' at step 113, the program pro 
ceeds to step 116 where the CPU 65c produces a control 
signal for intermittently energizing the indication lamp 
74 and causes the program to proceed to step 117 where 
the CPU 65c produces a control signal for energization 
of the buzzer 75 and returns the program to step 106 for 
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repetitive execution at steps 106-113. In such a condi 
tion, the indication lamp 74 is intermittently lighted 
under control of the lamp control circuit 68, and the 
buzzer 75 issues alarm sounds for a predetermined per 
iod of time under control of the buzzer control circuit 
71. Even if in such a condition the operation switch 61 
is operated, the four-wheel drive mode will not be se 
lected at the trasfer device 20. 

5,033,575 
10 

tained in its closed position. Thus, the CPU 65c deter 
mines a “Yes” answer at step 201 and causes the pro 
gram to proceed to step 202 where the CUP 65c pro 

From the above description, it will be understood -. 
that the mode of operation of the transfer device 20 can 
be switched over from the two-wheel drive mode to the 
four-wheel drive mode only in a condition where travel 
speed of the vehicle and temperature of the lubricating 
oil are in the allowable region. A shown in FIG. 5. This 
is effective to eliminate a heavy load acting on the syn 
chronizer 31 in engagement of the clutch mechanism 
20a. . 

In FIG. 6, there is illustrated a modification of the 
electric control apparatus shown in FIG.3, wherein the 
manual operation switch 61 is in the form of a self-hold 
type switch which is adapted to select the two-wheel 
drive mode in its open position and to select the four 
wheel drive mode in its closed position, and wherein the 
detection switch 62 is connected at its one end to the 
electric power source through the relay coil 73a and 
grounded at its other end, the relay coil 73a being con 
nected in parallel with a resistor r1. In this modification, 
the ROM 65b of computer 65 is arranged to memorize 
a program represented by a flow chart shown in FIG. 7 
and to memorize the control data of FIG. 5. The indica 
tion lamp 74 and buzzer 75 are connected in parallel to 
one another through a diode D1 and connected at their 
one ends to the electric power source. The indication 
lamp 74 is connected at its other end to a connection 
point between the detection switch 62 and relay coil 73a 
through a diode D2 and an additional detection switch 
76. As shown in FIG. 2, the additional detection switch 
76 is mounted on the front differential 40 to detect the 
position of the clutch mechanism 4.0a and is arranged to 
be opened when the clutch sleeve 51 is retained in the 
first position and to be closed when the clutch sleeve 51 
is shifted to the second position to engage the clutch 
mechanism 4.0a. The buzzer 75 is connected at its other 
end to the I/O 65e of computer 65 in such a manner that 
the I/O 65e maintains a connection point between the 
buzzer 75 and diode D1 in a open condition. Only when 
the indication lamp 74 and buzzer 75 are controlled, the 
voltage at the connection point between buzzer 75 and 
diode D1 is alternately switched over between the 
source voltage +V and ground voltage. The relay 72a 
is connected in parallel with a resistor r2. The other 
arrangements are substantially the same as those of the 
electric control apparatus shown in FIG, 3. 

Hereinafter, the operation of the modified electric 
control appatatus will be described in detail with refer 
ence to FIG. 7. When the ignition switch is maintained 
in its open position, the transfer device 20 and front 
differential 40 are each maintained in a condition de 
fined by the prior mode of operation. When the ignition 
switch is closed to start the engine 11, the electric con 
trol apparatus is activated by supply of the electric 
power, and in turn, the CPU 65c of computer 65 starts 
to execute the program at step 200 in the flow chart of 
FIG. 7. When the program proceeds to step 201, the 
CPU 65c determines as to whether or not the operation 
switch 61 is maintained in the closed position. 

If the four-wheel drive mode is previously selected at 
the transfer device 20, the operation switch 61 is main 
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duces a control signal for energization of the relay coil 
72a. As a result, the relay control circuit 66 acts to 
energize the relay coil 72a in response to the control 
signal from the CPU 65c so that the movable contact of 
relay switch 72b is connected to the fixed contact C2 to 
energize the solenoid 35a of switchover valve 35 and to 
deenergize the solenoid 36a of switchover valve 36. In 
such a condition, the switchover valve 35 is switched 
over from the first position to the second position to 
communicate the pneumatic chamber 34b of actuator 34 
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with the vacuum tank 15, while the switchover valve 36 
is maintained in the first position to communicate the 
pneumatic chamber 34c with the atmospheric air. Thus, 
the diaphragm piston 34a of actuator 34 is moved by the 
difference in pressure between pneumatic chambers 34b 
and 34c to shift the clutch sleeve 32 from the first posi 
tion to the second position thereby to establish drive 
connection between the first and second output shafts 
22 and 23 in the transfer device 20. As the detection 
switch 62 is turned on by movement of the clutch sleeve 
32 to the second position, the relay coil 73a is energized 
to connect the movable contact of relay switch 73b to 
the fixed contact C2. Thus, the solenoid 55a of switch 
over valve 55 is energized, while the solenoid 56a of 
switchover valve 56 is deenergized. In turn, the switch 
over valve 55 is switched over from the first position to 
the second position to communicate the pneumatic 
chamber 54b with the vacuum tank 51, while the 
switchover valve 56 is maintained in the first position to 
communicate the pneumatic chamber 54c with the at 
mospheric air. Thus, the diaphargm piston 54a of actua 
tor 54 is moved by the difference in pressure between 
pneumatic chambers 54b and 54c to shift the clutch 
sleeve 51 to the second position from the first position 
thereby to establish drive connection between the inner 
shafts 47a, 48a and the outer shafts 47b, 48b. Under such 
control as described above, the mode of operation of the 
vehicle is maintained in the four-wheel drive mode. As 
the detection switch 76 is turned on by movement of the 
clutch sleeve 51 to the second position, the indication 
lamp 74 is grounded through the diode D2 and switches 
76, 62. As a result, the indication lamp 74 is lighted to 
inform the driver of the four-wheel drive mode. 

If the two-wheel drive mode is previously selected at 
the transfer device 20, the operation switch 61 is main 
tained in its open position. Thus, the CPU 65c deter 
mines a “No” answer at step 201 and causes the pro 
gram to proceed to step 203 where the CUP 65c pro 
duces a control signal for maintaining the relay coil 72a 
in its deenergized condition. As a result, the movable 
contact of relay switch 72b is maintained in connection 
with the fixed contact C1 under the relay control circuit 
66 to energize the solenoid 36a of switchover valve 36 
and to deenergize the solenoid 35a of switchover valve 
35. In such a condition, the switchover valve 36 is 
switched over from the first position to the second 
position to communicate the pneumatic chamber 34c of 
actuator 34 with the vacuum tank 15, while the switch 
over valve 35 is maintained in the first position to com 
municate the pneumatic chamber 34b with the atmo 
spheric air. Thus, the diaphragm piston 34a of actuator 
34 is moved by the difference in pressure between pneu 
matic chambers 34b and 34c to shift the clutch sleeve 32 
from the second position to the first position thereby to 
disconnect the first output shaft 22 from the second 
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output shaft 23 in the transfer device 20. As the detec 
tion switch 62 is turned off by movement of the clutch 
sleeve 32 to the first position, the relay coil 73a is deen 
ergized to connect the movable contact of relay switch 
73b to the fixed contact C1. Thus, the solenoid 56a of 
switchover valve 56 is energized, while the solenoid 55a 
of switchover valve 55 is deemergized. In turn, the 
switchover valve 56 is switched over from the first 
position to the second position to communicate the 
pneumatic chamber 54c with the vacuum tank 51, while 
the switchover valve 55 is maintained in the first posi 
tion to communicate the pneumatic chamber 54b with 
the atmospheric air. Thus, the diaphargm piston 54a of 
actuator 54 is moved by the difference in pressure be 
tween pneumatic chambers 54b and 54c to shift the 
clutch sleeve 51 to the first position from the second 
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position thereby to disconnect the inner shafts 47a, 48a 
from the outer shafts 47b, 48b. Under such control as 
described above, the mode of operation of the vehicle is 
maintained in the two-wheel drive mode. As the detec 
tion switches 62 and 76 are turned off by movement of 
the clutch sleeves 32 and 51 to their first positions, the 
indication lamp 74 is put out to inform the driver of the 
two-wheel drive mode. 

After execution of the initial setting routine at steps 
201-203, the program proceeds to step 204 where the 
CPU 65c determines as to whether the operation switch 
61 has been operated or not. If the answer is "Yes" at 
step 204, the CPU 65c causes the program to proceed to 
step 205 where the CPU 65c determines as to whether 
or not the operation switch 61 is maintained in its closed 
position. When the operation switch 61 is switched over 
from its closed position to its open position for selecting 
the two-wheel drive mode, the CPU 65c determines a 
"No" answer at step 205 and causes the program to 
proceed to step 206 where the CPU 65c produces a 
control signal for deenegizing the relay coil 72a. As a 
result, the mode of operation of the vehicle is switched 
over from the four-wheel drive mode to the two-wheel 
drive mode in such a manner as described above. When 
the operation switch 61 is switched over from its open 
position to its closed position for selecting the four 
wheel drive mode, the CPU 65c determines a 'Yes' 
answer at step 205 and causes the program to proceed to 
step 207 where the CPU 65c reads out an electric speed 
signal V from sensor 63. At the following step 208, the 
CPU 65c reads out an electric oil temperature signal T 
from sensor 64 and causes the program to proceed to 
step 209 where the CPU 65c reads out the control data 
from the ROM 65b. When the program proceeds to step 
210, the CPU 65c determines as to whether or not travel 
speed of the vehicle and temperature of the lubricating 
oil are in the allowable region Ashown in FIG. 5. If the 
answer is “Yes” at step 210, the CPU 65c produces a 
control signal for energization of the relay coil 72a. As 
a result, the mode of operation of the vehicle is 
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switched over from the two-wheel drive mode to the 
four-wheel drive mode. 

If the answer is "No' at step 210, the program pro 
ceeds to step 212 where the CPU 65c acts to produce a 
control signal for intermittently energizing the indica 
tion lamp 74 and to produce a command signal for ener 
gizing the buzzer 75 and apply it to the I/O 65e. When 
applied with the command signal, the I/O 65e acts to 
alternately switch over the voltage applied to the 
buzzer 75 and indication lamp 74 between the source 
voltage V and ground voltage. Thus, the indication 
lamp 74 is intermittently lighted, and the buzzer 75 
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issues alarm sounds therefrom to inform the driver of 
the fact that the four-wheel drive mode may not be 
selected at the transfer device 20. After execution at 
step 212, the program proceeds to step 213 where the 
CPU 65c determines as to whether the operation switch 
61 has been returned to its open position or not. When 
the operation switch 61 is returned to its open position, 
the CPU 65c determines a “Yes” answer at step 213 and 
causes the program to proceed to step 214 where the 
CPU 65c produces a command signal for deenergizing 
the indication lamp 74 and buzzer 75 and applies it to 
the I/O 65e. When applied with the command signal, 
the I/O 65e acts to make the connection point between 
buzzer 75 and diode D1 in a open condition. In turn, the 
indication lamp 74 and buzzer 75 are deenergized, and 
the program returns to step 204. 

In FIG. 8 there is illustrated a practical embodiment 
of the transfer device 20, wherein the same component 
parts and portions as those shown in FIG. 2 are indi 
cated by the same reference numerals. In this embodi 
ment, the transfer device 20 comprises a planetary gear 
unit 80 for selectively providing low and high speed 
power trains between the input and output shafts 21 and 
22 in accordance with operation of a manual lever 81. 
The planetary gear unit 80 includes a sun gear 82 
mounted on the input shaft 21 for rotation therewith, a 
ring gear 83 fixedly mounted within the housing of 
transfer device 20 in surrounding relationship with the 
sun gear 82, a carrier84 rotataly mounted on a left-hand 
side wall of the transfer housing, and a plurality of 
planetary gears 85 rotatably supported by the carrier84 
and in mesh with the sun and ring gears 82 and 83. An 
internally splined clutch sleeve 88 is axially slidably 
mounted on an externally splined hub member 86 which 
is fixed to the output shaft 22. The clutch sleeve 88 is 
arranged to be shifted by the manual lever 81 through a 
fork shaft 87a and a shift fork 87 b. When shifted left 
ward by operation of the manual lever 81, the clutch 
sleeve 88 is connected to an externally splined inner end 
of input shaft 21 to transmit the power from input shaft 
21 to the output shaft 22 at a high speed. When shifted 
righward by operation of the manual lever 81, the 
clutch sleeve 88 is engaged at its left end with an annu 
lar spline piece 89 fixed to the carrier84 to transmit the 
power from input shaft 21 to the output shaft 22 
through the sun and planetary gears 82 and 85 at a low 
speed. 

In the practical embodiment of transfer device 20, a 
pair of axially spaced synchronizers are mounted on the 
output shaft 22 to effect synchronization in shifting 
operation of the clutch sleeve 88, and the clutch mecha 
nism 20a includes synchronizer rings 31a, 31b and 31c 
which are mounted on the output shaft 22 to effect 
synchronization in shifting operation of the clutch 
sleeve 32. The clutch sleeve 32 is arranged to be shifted 
by an electric motor 91 through the fork shaft 33a and 
shift fork 33b. In this embodiment, the electric motor 91 
is substituted for the vacuum actuator 34 shown in FIG. 
2. 
As shown in FIG. 11, the electric motor 91 is 

mounted to the transfer housing and has an output shaft 
91a integrally formed with a worm 91a which is in mesh 
with a wheel 92 of insulation material shown in FIG. 10. 
As shown in FIG. 10, the wheel 92 is mounted on a 
hollow rotary shaft 92a for rotation therewith. The 
rotary shaft 92a is coaxially arranged to a rotary shaft 
94a through first and second spiral springs 93a and 93b. 
The rotary shafts 92a and 94a are rotatably mounted 
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within the transfer housing, and the rotary shaft 92a is 
rotatably coupled over the rotary shaft 94a for relative 
rotation. The spiral springs 93a and 93b are wound 
around the rotary shaft 94a relatively in opposite direc 
tions and fixed at their inner ends to the rotary shaft 94a. 
The spiral springs 93a,93b are preloaded relatively in 
opposite directions by engagement with an arm 94b 
fixed to the rotary shaft. 94a at their outer ends. The 
outer ends of spiral springs 93a,93b are further engaged 
with an arm 92c fixed to the hub member 92b of wheel 
92 to be moved by rotation of the wheel 92 relatively in 
opposite directions. A first gear 94 is mounted on the 
outer end of rotary shaft 94a for rotation therewith and 
meshed with a second gear 95 which is rotatably 
mounted on the transfer housing. The second gear 95 is 
integrally formed with a pinion 95a which is meshed 
with a rack portion 33a1 of fork shaft 33a. 
As shown in FIGS. 10 and 11, the wheel 92 is cov 

ered with a circular insulation plate 96 attached thereto. 
The circular insulation plate 96 is formed at its inner 
periphery with a semi-circular recess 96a and at its 
outer periphery with a semi-circular recess 96b. A de 
tection switch assembly 97 is mounted within the trans 
fer housing in such a manner as to face the circular 
insulation plate 96. The detection switch assembly 97 
includes three contacts 97a, 97b, 97c which are slidably 
in contact with the circular insulation plate 96 to detect 
rotation of the wheel 92. When engaged with the recess 
96a of insulation plate 96, the contact 97c becomes con 
ductive and the other contacts 97a,97b become non 
conductive. When engaged with the recess 96b of insu 
lation plate 96, the contact 97a becomes conductive and 
the other contacts 97b, 97c become non-conductive. As 
shown in FIGS. 9 and 12, a detection switch 62a is 
mounted on the transfer housing to detect movement of 
the fork shaft 33a thereby to detect the mode of opera 
tion of the transfer device 20. 

In FIG. 13 there is illustrated a practical embodiment 
of the front differential 40 shown in FIG. 2, wherein the 
same component parts and portions as those shown in 
FIG. 2 are indicated by the same reference numerals. In 
this embodiment, the right-hand drive shaft 48 is con 
nected at its inner end to the right-hand side gear 44b. 
for rotation therewith. In a condition where the clutch 
sleeve 51 is retained in the first position to disconnect 
the outer shaft 47b from the inner shaft 47a, the right 
hand side gear 44b is rotated by the torque applied 
thereto from the right-hand road wheel through the 
drive shaft 48. This causes the pinions 43a, 43b, side 
gear 44a and inner shaft 47a to rotate with the side gear 
44. In this instance, the differential case 42 and drive 
pinion shaft 46 are maintained still. 

In FIG. 14 there is illustrated an electric control 
apparatus for the transfer device 20 and front differen 
tial 40 described above, wherein the same components 
as those shown in FIG. 6 are indicated by the same 
reference numerals and characters. In this electric con 
trol apparatus, the ROM 65b is arranged to memorize a 
program represented by a flow chart shown in FIGS. 
15(A) and 15(B), and the I/O 65e is connected to a 
detection switch 77 which is associated with the plane 
tary gear unit 80 as shown in FIG. 8 to detect move 
ment of the fork shaft 87a. The detection switch 77 is 
arranged to be turned on when the fork shaft 87a is 
retained in a first position to establish a high speed 
power train at the planetary gear unit 80 and to be 
turned off when the fork shaft 87a has been shifted 
rightward to a second position from the first position to 
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establish a low speed power train at the planetary gear 
unit 80. 
The I/O 65e of computer 65 is connected to a motor 

control circuit which is substituted for the relay control 
circuit 66 and relay circuit 72 shown in FIG. 6. The 
motor control circuit includes a pair of relay circuits 78 
and 79. The relay circuit 78 includes a relay coil 78a 
connected in parallel with a resistor r and connected at 
its one end to the I/O 65e. Similarly, the relay circuit 79 
includes a relay coil 79a connected in parallel with a 
resistor ra and connected at its one end to the I/O 65e. 
The relay coils 78a, 79a are connected at their other 
ends to the contacts 97a, 97c of detection switch assem 
bly 97 shown in FIGS. 10 and 11. The contact 97b is in 
the form of a movable contact grounded at its one end. 
The relay circuit 78 is provided with a relay switch 78b 
the movable contact of which is connected to an input 
terminal of electric motor 91 shown in FIG.8, while the 
relay circuit 79 is provided with a relay switch 79b the 
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selection of the four-wheel drive mode). If the answer is 
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movable contact of which is connected to another input 
terminal of electric motor 91. The movable contacts of 
relay switches 78b,79b are arranged to be engaged with 
fixed contacts C1 during deenergization of the relay 
coils 78a, 79a and to be engaged with fixed contacts C2 
during energization of the relay coils 78a, 79a. The fixed 
contacts C1 are grounded at their one ends, while the 
fixed contacts C2 are connected to the electric power 
source. In the above arrangement, the electric motor 91 
is in the form of a reversible D.C. motor. 

Hereinafter, the operation of the electric control ap 
paratus shown in FIG. 14 will be described in detail 
with reference to the flow chart of FIGS. 15(A) and 
15(B). When the ignition switch is maintained in its 
open position, the transfer device 20 and front differen 
tial 40 are each maintained in a condition defined by the 
prior mode of operation. In such a condition, a speed 
reduction mechanism composed of the worm 91a and 
wheel.92 acts to retain the transfer device 20 in the prior 
mode of operation, and the detection switch 62a is also 
retained in a position defined by the prior mode of oper 
ation. When the ignition switch is closed to start the 
engine 11, the electric control apparatus is activated by 
supply of the electric power, and in turn, the CPU 65c 
of computer 65 starts to execute the program at step 300 
in the flow chart of FIG. 15. When the program pro 
ceeds to step 301, the CPU 65c determines as to whether 
the operation switch 61 has been operated or not. If the 
answer is “No” at step 301, the CPU 65c causes the 
program to proceed to step 317 for execution at the 
following steps 318-322. 

If the answer is “Yes” at step 301, the program pro 
ceeds to step 302 where the CPU 65c determines as to 
whether or not the operation switch 61 has been 
switched over from its open position (for selection of 
the two-wheel drive mode) to its closed position (for 

“No” at step 302, the program proceeds to step 303 
where the CPU 65c determines as to whether the detec 
tion switch 77 is turned off or not. When the planetary 
gear unit 80 is conditioned to provide the low speed 
power train, the CPU 65c determines a “No” answer at 
step 303 and causes the program to return to step 301. 
When the planetary gear unit 80 is conditioned to pro 
vide the high speed power train, the CPU 65c deter 
mines a 'Yes' answer at step 303 and causes the pro 
gram to proceed to step 304 where the CPU 65c pro 
duces a command signal for energizing the relay coil 
79a and returns the program to step 301. When applied 
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with the command signal from the CPU 65c, the I/O 
65e acts to apply the source voltage to the relay coil 79a 
for a predetermined period of time (for instance, 5 sec 
onds). In this instance, the contact 97b of detection 
switch 97 is previously maintained in engagement with 5 

, the contact 97c through the recess 96b of plate 96 to 
energize the relay coil 79a. Thus, the movable contact 
of relay switch 79bis engaged with the fixed contact C2 
to permit an electric current flowing therethrough to 
the electric motor 91 as shown by a broken arrow in the 
figure. This causes the electric motor 91 to rotate in a 
reverse direction. In turn, the wheel 92 is driven by the 
electric motor 91 through worm 91a to rotate the plate 
96 in a direction shown by a broken arrow in FIG. 11. 
When the recess 96a of plate 96 is positioned to face 

the detection switch 97, the contact 97b is disengaged 
from the contact 97c to deenergize the relay coil 79a, 
and in turn, the movable contact of relay switch 79b is 
engaged with the fixed contact C1 to deactivate the 
electric motor 91. In such a condition, the contact 97b 
of detection switch 97 is brought into engagement with 
the contact 97a. On the other hand, rotation of the 
wheel 92 is transmitted to the pinion 95a through the 
spiral spring 93a (or 93b) and gears 94, 95 to displace the 
fork shaft 33a in a direction shown by a broken arrow in 
FIGS. 9 and 12. In turn, the clutch sleeve 32 is displaced 
rightward in FIG. 8 to release drive connection be 
tween the output shafts 22 and 23, and the detection 
switch 62a is turned off by rightward displacement of 
the fork shaft 33a. Simultaneously, the clutch sleeve 51 30 
in front differential 40 is moved from the second posi 
tion to the first position to disconnect the outer shaft 
47b from the inner shaft 47a in the same manner as 
described above. As a result, the mode of operation of 
the vehicle is switched over from the high speed four- 35 
wheel drive mode to the high speed two-wheel drive 
mode, and the indication lamp 74 is put out. 
When the operation switch 61 has been switched 

over from its open position for selection of the two 
wheel drive mode to its closed position for selection of 40 
the four-wheel drive mode during execution of the 
program at step 302, the CPU 65c determines a “Yes” 
answer at step 302 and causes the program to proceed to 
step 305 where the CPU 65c determines as to whether 
the detection switch 77 is turned off or not. When the 
planetary gear unit 80 is conditioned to provide the low 
speed power train, the detection switch 77 is turned on. 
In such a condition, the CPU 65c determines a "No' 
answer at step 305 and returns the program to step 301. 
As a result, the mode of operation of the vehicle is 50 
maintained in the low speed four-wheel drive mode LA. 
When the planetary gear unit 80 is conditioned to 

provide the high speed power train during execution of 
the program at step 305, the detection switch 77 is 
turned off. In such a condition, the CPU 65c determines 55 
a "Yes' answer at step 305 and causes the program to 
proceed to step 306 for execution of the program at 
steps 306-309 in the same manner as described above. If 
travel speed of the vehicle and temperature of the lubri 
cating oil in front differential 40 are in the allowable 
region A during execution of the program at step 309, 
the CPU 65c determines a 'Yes' answer and causes the 
program to proceed to step 310 where the CPU 65c 
produces a command signal for energizing the relay coil 
78a and returns the program to step 301. When applied 
with the command signal, the I/O 65e acts to energize 
the relay coil 78a for the predetermined period of time. 
In this instance, the the contact 97b of detection switch 
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97 is previously maintained in engagement with the 
contact 97a through the recess 96a of plate 96 to ener 
gize the relay 78a, and in turn, the movable contact of 
relay switch 78b is engaged with the fixed contact C2 to 
permit the electric current flowing therethrough to the 
electric motor 91 in a direction shown by a solid arrow 
in FIG. 14. Thus, the electric motor 91 is activated to 
rotate in a forward direction, and in turn, the wheel 92 
is driven by the electric motor 91 through worm 91a to 
rotate the plate 96 in a direction shown by a solid arrow 
in FIG. 11. 
When the recess 96b of plate 96 is positioned to face 

the detection switch 97, the contact 97b is disengaged 
from the contact 97a to deenergize the relay coil 78a, 
and in turn, the movable contact of relay switch 78b is 
engaged with the fixed contact C1 to deactivate the 
electric motor 91. In such a condition, the contact 97b 
of detection switch 97 is brought into engagement with 
the contact 97c. On the other hand, rotation of the 
wheel 92 is transmitted to the pinion 95a through the 
spiral spring 93b (or 93a) and gears 94, 95 to displace the 
fork shaft 33a in a direction shown by a solid arrow in 
FIGS. 9 and 12. In turn, the clutch sleeve 32 is displaced 
leftward in FIG. 8 to establish drive connection be 
tween the output shafts 22 and 23, and the detection 
switch 62a is turned on by leftward displacement of the 
fork shaft 33a. Simultaneously, the clutch sleeve 51 in 
front differential 40 is moved from the first position to 
the second position to establish drive connection be 
tween the inner and outer shafts 47a and 47b in the 
same manner as described above. As a result, the mode 
of operation of the vehicle is switched over from the 
high speed two-wheel drive mode H2 to the high speed 
four-wheel drive mode H4, and the indication lamp 74 is 
lighted. 

If the CPU 65c determines a "No" answer during 
execution of the program at step 309, the program pro 
ceeds to step 311 where the CPU 65c produces a com 
mand signal for intermittently energizing the indication 
lamp 74 and for energizing the buzzer 75. When applied 
with the command singal, the I/O 65e acts to alternately 
switch over the voltage applied to the indication lamp 
74 and buzzer 75 between the source voltage --V and 
ground voltage. Thus, the indication lamp 74 is inter 
mittently lighted, and the buzzer 75 issues alarm sounds 
therefrom to inform the drive of the fact that the four 
wheel drive mode may not be selected at the transfer 
device 20. After execution at step 311, the program 
proceeds to step 312 where the CPU 65c determines as 
to whether the operation switch 61 has been returned to 
its open position or not. When the operation switch 61 
is returned to its open position for selection of the two 
wheel drive mode, the CPU 65c determines a 'Yes' 
answer at step 312 and causes the program to proceed to 
step 314 where the CPU 65c produces a command sig 
nal for deenergizing the indication lamp 74 and buzzer 
75 and applies it to the I/O 65e. When applied with the 
command signal, the I/O 65e acts to make the connec 
tion point between buzzer and diode D1 in a open condi 
tion. In turn, the indication lamp 74 and buzzer are 
deenergized, and the program returns to step 301. 
When the planetary gear unit 80 is switched over by 

operation of the manual lever 81 to provide the low 
speed power train during execution of the program at 
step 312, the detection switch 77 is turned on. In this 
instance, the CPU 65c determines a "Yes' answer at 
step 313 and causes the program to proceed to step 315 
where the CPU 65c produces a command signal for 
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deenergizing the indication lamp 74 and buzzer 75 and 
applies it to the I/O 65e. As a result, the indication lamp 
74 and buzzer 75 are deemergized under control of the 
I/O 65e in the same manner as described above, and the 
program proceeds to step 316. At step 316, the CPU 65c 
produces a control signal for energizing the relay coil 
78a for the predetermined period of time and returns the 
program to step 301. The execution at step 316 is the 
same as that at step 310. Thus, the mode of operation of 
the vehicle is switched over from the high speed two 
wheel drive mode H2 to the low speed four-wheel drive 
mode L4. 

In the part-time four-wheel drive system of the vehi 
cle, the manual lever 81 is adapted to selectively pro 
vide the high speed two-wheel drive mode H2, the high 
speed four-wheel drive mode H4 and the low speed 
four-wheel drive mode LA. Assuming that the detection 
switch 77 is maintained in a position defined by the prior 
mode of operation, the CPU 65c determines a "No' 
answer at steps 301 and 317 to repeat the execution at 
steps 301 and 317. When the planetary gear unit 80 is 
switched over by operation of the manual lever 81 to 
provide the low speed power train in a condition where 
the operation switch 61 is maintained in its open posi 
tion to select the two-wheel drive mode at the transfer 
device 20, the detection switch 77 is turned on. In this 
instance, the CPU 65c determines a 'Yes' answer re 
spectively at steps 317, 318 and 319 and causes the pro 
gram to proceed to step 320 where the CPU 65c pro 
duces a command signal for energizing the relay coil 
78a. In turn, the relay coil 78a is energized under con 
trol of the I/O 65e to cause rightward movement of the 
fork shaft 33a in the same manner as that at step 310. As 
a result, the mode of operation of the vehicle is 
switched over from the high speed two-wheel drive 
mode H2 to the low speed four-wheel drive mode. 
When the planetary gear unit 80 is switched over by 

operation of the manual lever 81 to provide the low 
speed power train in a condition where the operation 
switch 61 is maintained in its closed position to select 
the four-wheel drive mode at the transfer device 20, the 
detection switch 77 is turned on. In this instance, the 
CPU 65c determines a "Yes' answer respectively at 
steps 317 and 318 and determines a “No” answer at step 
319 to return the program to step 301. Thus, the mode 
of operation of the vehicle is switched over from the 
high speed four-wheel drive mode H4 to the low speed 
four-wheel drive mode LA. When the planetary gear 
unit 80 is switched over by operation of the manual 
lever 81 to provide the high speed power train in a 
condition where the operation switch 61 is maintained 
in its closed position to select the four-wheel drive 
mode at the transfer device 20, the detection switch 77 
is turned off. In this instance, the CPU 65c determines a 
“Yes” answer at step 317 and determines a “No” answer 
at step 318. Thus, the program proceeds to step 321 
where the CPU 65c determines as to whether or not the 
operation switch 61 is maintained in its open position for 
selection of the two-wheel drive mode. If the answer is 
"Yes' at step 321, the program proceeds to step 322 
where the CPU produces a command signal for energiz 
ing the relay coil 79a, and in turn, the relay coil 79a is 
energized under control of the I/O 65e to cause left 
ward movement of the fork shaft 33a in the same man 
ner as that at step 304. As a result, the mode of operation 
of the vehicle is switched over from the low speed 
four-wheel drive mode L4 to the high speed two-wheel 
drive mode H2. If the answer is "No' at step 321, the 
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program returns to step 301. In this instance, the mode 
of operation of the vehicle is switched over from the 
low speed four-wheel drive mode La to the high speed 

5 

10 

four-wheel drive mode H4. 
Although the above embodiments have been adapted 

to a part-time four-wheel drive vehicle the rear road 
wheels of which are continuously driven, it is apparent 
that the present invention can be adapted to a part-time 
four-wheel drive vehicle the front road wheels of which 
are continuously driven. 

Having now fully set forth certain preferred embodi 
ments of the concept underlying the present invention, 
various other applications and embodiments as well as 
certain modifications of the embodiments herein shown 

15 and described will obviously occur to those skilled in 
the art upon becoming familiar with said underlying 
concept. It is to be understood, therefore, that within 
the scope of the appended claims, the invention may be 
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practiced otherwise than as specifically set forth herein. 
What is claimed is: 
1. An electric control apparatus for a part-time four 

wheel drive vehicle having a transfer device drivingly 
connected to a prime mover of the vehicle to continu 
ously transfer the power from said prime mover to a 
first set of road wheels, said transfer device including a 
first clutch mechanism arranged to transfer the power 
to a second set of road wheels when it has been en 
gaged, a differential drivingly connected at its output 
side to said second set of road wheels and at its input 
side to said transfer device, said differential including a 
second clutch mechanism arranged to transmit the 
power from said transfer device to said second set of 
road wheels when it has been engaged, a first actuator 
assembled with said transfer device to engage said first 
clutch mechanism when it has been operated in one 
direction and to disengage said first clutch mechanism 
when it has been operated in the opposite direction, and 
a second actuator assembled with said differential to 
engage said second clutch mechanism when it has been 
operated in one direction and to disengage said second 
clutch mechanism when it has been operated in the 
opposite direction, 

the electric control apparatus comprising: 
a manual operation switch for selecting a two-wheel 

drive mode or a four-wheel drive mode at said 
transfer device; 

a speed sensor for detecting travel speed of the vehi 
cle to produce a speed signal indicative of the 
travel speed of the vehicle; 

a temperature sensor for detecting temperature of 
lubricating oil in said differential to produce a tem 
perature signal indicative of the oil temperature; 
and 

control means responsive to said speed and tempera 
ture signals for operating said first and second actu 
ators respectively in the one direction when said 
manual operation switch has been operated to se 
lect the four-wheel drive mode at said transfer 
device in a condition where the travel speed and oil 
temperature are in a predetermined allowable re 
gion during travel of the vehicle in the two-wheel 
drive mode and for rendering said first and second 
actuators inoperative when said manual operation 
switch has been operated to select the four-wheel 
drive mode in a condition where the travel speed 
and oil temperature are out of the predetermined 
allowable region. 
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2. An electric control apparatus for a part-time four 
wheel drive vehicle having a transfer device drivingly 
connected to a prime mover of the vehicle to continu 
ously transfer the power from said prime mover to a 
first set of road wheels, said transfer device including a 
first clutch mechanism arranged to transfer the power 
to a second set of road wheels when it has been en 
gaged, a differential drivingly connected at its output 
side to said second set of road wheels and at its input 
side to said transfer device, said differential including a 
second clutch mechanism arranged to transmit the 
power from said transfer device said second set of road 
wheels when it has been engaged, a first actuator assem 
bled with said transfer device to engage said first clutch 
mechanism when it has been operated in one direction 
and to disengage said first clutch mechanism when it 
has been operated in the opposite direction, and a sec 
ond actuator assembled with said differential to engage 
said second clutch mechanism when it has been oper 
ated in one direction and to disengage said second 
clutch mechanism when it has been operated in the 
opposite direction, 

the electric control apparatus comprising: 
a manual operation switch for selecting a two-wheel 

drive mode or a four-wheel drive mode at said 
transfer device; 

a detection means provided on said transfer device to 
be operated when the four-wheel drive mode has 
been selected at said transfer device; 

a speed sensor for detecting travel speed of the vehi 
cle to produce a speed signal indicative of the 
travel speed of the vehicle; 
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a temperature sensor for detecting temperature of 
lubricating oil in said differential to produce a tem 
perature signal indicative of the oil temperature; 

control means of responsive to said speed and temper 
ature signals for operating said first actuator in the 
one direction when said manual operation switch 
has been manipulated to select the four-wheel drive 
mode at said transfer device in a condition where 
the travel speed and oil temperature are in a prede 
termined allowable region during travel of the 
vehicle in the two-wheel drive mode and for ren 
dering said first actuator inoperative when said 
manual operation switch has been manipulated to 
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select the four-wheel drive mode in a condition 
where the travel speed and oil temperature are out 
of the predetermined allowable region; and 

means for operating said second actuator in the one 
direction in response to operation of said detection 
C2S. 

3. An electric control apparatus as claimed in claim 1 
or 2, wherein the predetermined allowable region per 
mits engagement of said first clutch mechanism during 
travel of the vehicle in the two-wheel drive mode. 

4. An electric control apparatus as claimed in claim 1, 
further comprising indication means for visually in 
forming the driver of the fact that said first and second 
actuators have been rendered inoperative under control 
of said control means. 

5. An electric control apparatus as claimed in claim 4, 
wherein said indication means includes an indication 
lamp mounted on an instrument panel of the vehicle and 
means for continuously energizing said lamp when the 
four-wheel drive mode has been selected at said transfer 
device by operation of said first actuator and for inter 
mittently energizing said lamp when said first and sec 
ond actuators have been rendered inoperative. 

6. An electric control apparatus as claimed in claim 1, 
wherein said transfer device includes a change-speed 
mechanism arranged to selectively provide low and 
high speed power trains for transfer of the power to said 
first and second sets of road wheels and means associ 
ated with said change-speed mechanism to produce a 
low speed signal therefrom when said change-speed 
mechanism is conditioned to provide the low speed 
power train and to produce a high speed signal there 
from when said change-speed mechanism is conditioned 
to provide the high speed power train, and wherein said 
control means is further responsive to said high speed 
signal for operating said first and second actuators re 
spectively in the one direction when said manual opera 
tion switch has been manipulated to select the four 
wheel drive mode in a condition where said change 
speed mechanism is conditioned to provide the high 
speed power train and where the travel speed and oil 
temperature are in the predetermined allowable region 
during travel of the vehicle in the two-wheel drive 
mode. 
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